The development of students' epistemic beliefs about science is likely to be related to their past learning experiences but this relationship is not yet fully empirically explored and thus not clearly identified. The purpose was to investigate the structure and nature of epistemic beliefs about science held by Thai university students and to explore their relationships with the students' previous learning experiences and other demographic variables. A 39-item questionnaire specifically developed to measure biology-related beliefs, Colorado Learning Attitudes about Science Survey for Biology (CLASS-Bio) (Semsar, Knight, Birol, & Smith, 2011) , was administered to Thai undergraduate students (N = 388). The participants were asked to indicate how they agree or disagree with the statements on epistemic beliefs about biology and learning biology. A five-factor dimensional structure was identified for the beliefs about biology and learning biology through principal component analysis, yet the structure was complicated. One-way between-participants MANOVAs demonstrated that the epistemic beliefs were significantly different among the groups of students with different age, subject major, level of interest in biology, and level of liking of biology at those five identified factorial levels. The research findings suggested that individuals' past learning experiences have an influence on forming and developing their epistemic beliefs about biology. In addition, confirming our intuitive views, the levels of interest and of liking toward the discipline appear to have the largest power in developing individuals' beliefs.
Introduction
Individuals' beliefs about knowledge and knowledge acquisition have been extensively examined in various studies from different disciplinary perspectives over the last two decades. Hofer and Pintrich (2002) proposed the umbrella term "personal epistemology" to categorize this area of studies. Hofer (2004) defined personal epistemology as "a field that examines what individuals believe about how knowing occurs, what counts as knowledge and where it resides, and how knowledge is constructed and evaluated" (p.1). At least two different lines of research can be identified in this area; one focuses on the developmental aspects of personal epistemological theories, whereas another is concerned with the dimensional structure of epistemological beliefs (Chan & Elliott, 2004; Hofer, 2001) . The first approach suggests that "individuals move through a patterned sequence of development in their beliefs about knowledge and knowing" (Hofer, 2001 ). In the second approach pioneered by Schommer (1990) , the epistemological belief dimensions were identified with a paper-and-pencil questionnaire. Schommer (1998) conceptualized the dimensions by naming the naïve extremes. Research has shown that students' personal epistemology is associated with various aspects of their learning (e.g., Schommer, Crouse, & Rhodes, 1992; Schommer-Aikins, 2004; Schraw, Dunkle, & Bendixen, 1995) .
In spite of all the accumulated studies by many researchers, it seems to the authors that one important facet of the personal epistemology has almost never empirically investigated: the developmental nature of the epistemic beliefs at the dimensional levels. Epistemic beliefs is likely to be related to the students' past learning experiences, but this relationship is not yet fully explored, thus not empirically identified. This can be partially due to the different focus of interest of the researchers in the two separate lines of personal epistemology studies. While the first group of researchers is interested only in the developmental aspects, describing the nature of each stage, without considering the dimensional structure of the beliefs, the second group is more enthusiastic about examining the relations between individuals' epistemic beliefs and various characteristics of their learning, without considering the developmental nature. This might be also related to the notorious challenge of measuring epistemic beliefs as pointed by DeBacker, Crowson, Beesley, Thoma, and Hestevold (2008) .
Since Chan and Elliott (2000) investigated the personal epistemology held by Hong Kong Chinese students, many researchers began to examine cultural variations of epistemic beliefs. This is manifested by an edited book recently published (Khine, 2008) . Chan and Elliott (2004) indicated that findings from epistemological belief studies in non-American cultures led researchers to question Schommer's results. Chan and Elliott (2004) considered the cultural effects as a plausible explanation of these findings. Hofer and Pintrich (1997) also argued that researchers need to examine the nature of personal epistemology of individuals with gender, ethnicity and cultural differences, pointing that cross-cultural studies of epistemological theories appear almost nonexistent at that time. Hofer (2006) further specified culture as a context that can be powerful in affecting beliefs.
The discipline-specific personal epistemology has been in the limelight of many researchers over the last few years (Muis, Bendixen, and Haerle, 2006) . In addition to the studies by psychologists, in the fields of science education research, measurement instruments for epistemic beliefs in three disciplinary areas (physics, chemistry, and biology) were recently developed by Weiner and his colleagues (Adams, Perkins, Podolefsky, Dubson, Finkelstein, & Wieman, 2006; Barbera, Adams, Wieman, & Perkins, 2008; Semsar, Knight, Birol, & Smith, 2011) . All the three instruments share the main idea that good education should result in changes of students' beliefs toward those of the experts. The measurement developers presumed that the students should become similar or closer to the experts in terms of what they believe about the subject area and learning the subject if they receive a good education.
In this study, the relationship between biological epistemic beliefs and past learning experiences are examined. Instead of measuring the same participants' epistemic beliefs two times, due to technical constraints, groups of students who were likely to have had different past experiences were compared in term of their belief strength at belief dimensional levels. The participants differed in terms of gender, age, subject major, high school type, interest in biology, and liking of biology. These variables were regarded as reflections of their past learning experience. This study addressed the two following research questions:
1. What is the dimensional structure of the epistemic beliefs about biology and learning biology held by Thai university students? 2. Are the beliefs different among groups of students with different demographic characteristics (i.e., gender, age, subject major, high school type, interest in biology, and liking of biology) in terms of its strength at the identified dimensional levels?
Method

Participants
The participants (N = 388) were students studying at undergraduate degree programs at a state research-oriented university in Thailand. In the programs English was used as the medium of instruction in all the classes. This particular characteristic was very unique and different from most of the regular degree programs offered by universities and colleges in Thailand, where all the classes are taught entirely in the local language, the Thai language. The participants were all Thai native speakers and of Thai nationality. In this group of 388 students, only 291 students (75.0%) were included in the analyses, because of the following reason. The measurement instrument included one filtering item (i.e., item 33). The aim of this item was to check if the respondents were actually reading the statements. The statement in this item was: "Please select 'agree (not strongly agree)' for this question." A total of 97 students did not choose "agree" in this item 33, and thus they were removed from the participants. All the following analyses concern only this group of 291 participants.
The age of the participants (N = 291) was between 16 and 24 years, and the mean age was 19.44 years. Approximately 70% of the participants were either 18 years old (21.3%), 19 years old (25.8%), or 20 years old (20.6%). The female students were predominant (66.3%). Business administration majors, consisting of five separate majors, were the largest category (44.7%). Another separate major under this business administration program, tourism and hospitality management, was 12.7%, thus 57.4% of the participants in total were business majors. Science majors, consisting of seven separate majors, were the second largest category (32.6%). Among those science majors biological science was the largest group (17.9%) at the separate major level, followed by food science and technology (7.9%). The participants were divided into four categories based on their secondary educational backgrounds. The largest group was comprised of students who graduated from a regular local Thai high school (30.9%). This was followed by those who graduated from an international school in Thailand (29.2%). Students graduated from a high school outside Thailand (25.1%), mainly in an English-speaking country, were the third largest category. The fourth and smallest group (12.7%) was composed of students who graduated from a bilingual school in Thailand or a bilingual program in a local Thai high school, where the English or Thai language was used in the classrooms depending on the school subjects.
Materials
The biology version of the Colorado Learning Attitudes about Science Survey (CLASS-Bio) developed by Semsar, Knight, Birol, and Smith (2011) was used for this study to measure the participants' beliefs regarding biology and learning biology. The CLASS-Bio questionnaire had 39 items in total.
1 The statements concerned beliefs about one of the following four different areas: (a) learning biology; (b) the content of biology knowledge; (c) the structure of biology knowledge; and (d) the connection of biology to the real world. The participants were asked to indicate how they agreed or disagreed with the statements on a five-point Likert scale, ranging from 5 (strongly agree) to 1 (strongly disagree). Some demographic questions about age, gender, nationality, native language, biology courses previously taken at the university, etc. were also included at the end of the measurement instrument.
Results
Dimensional structure of the beliefs by principal component analysis
The participants' responses were analyzed by a principal component analysis in order to investigate the underlying dimensional structure of their beliefs about biology and learning biology. Prior to the principal component analysis, the suitability of the data for factor analysis was assessed. Kaiser-Meyer-Olkin measure of sampling adequacy, KMO = .827, and Bartlett's Test of Sphericity, p < .0005, both supported the factorability of the data. In the Correlation matrix, many correlation coefficients were above .3.
Through an exploratory principal component analysis (Varimax rotation), five factors were extracted. The five factors explained 36.95% of the total variance. Each of the five factors explained 17.96%, 6.08%, 4.91%, 4.12%, and 3.87% of variance, respectively. This number of factors was identified based on the following criteria. An inspection of the screeplot revealed a sharp break after the fourth component. Twelve components had an eigenvalue larger than one. Parallel analysis indicated that only five components had an eigenvalue exceeding the corresponding criterion value for a randomly generated matrix of the same size (38 variables x 291 participants).
The interpretability of the factors was also considered before making a final decision about the number of the factors. All the five factors had a complex structure. Nevertheless, the five factors were labeled as follows: (a) Factor 1: Enjoyableness of Learning Biology (11 items, = .834); (b) Factor 2: Memorization of Knowledge (10 items, = .677); (c) Factor 3: Method of Learning Biology (8 items, = .659); (d) Factor 4: Difficulty of Learning Biology (5 items, = .454); and (e) Factor 5: Approach to Learning Biology (4 items, = .258). The number of items grouped together in each factor and the internal consistency reliability value are represented in parentheses next to the factor labels in the sentences above. Table 1 represents the five identified factors, together with the items constituting each factor. The numbers express the factor loadings of the items. 
Variations of the beliefs among groups of students
A series of one-way between-participants MANOVAs was conducted to examine whether there was any significant difference in terms of the beliefs about biology and learning biology among the groups of students with different demographic characteristics. The mean scores of the five identified factors were used as the dependent variables. The participants' various demographic variables (i.e., gender, age, subject major, high school type, interest in biology, and liking of biology) were the independent variables. In the following analyses, an alpha level of .05 was used for all the statistical tests throughout this study, except for those with a Bonferroni adjusted alpha.
Preliminary assumption testing was conducted in order to assess normality, linearity, univariate and multivariate outliers, homogeneity of variance-covariance matrices, and multicollinearity. No serious violations were observed, except for the following univariate outliers. A total of 32 participants were deleted, as they were considered as univariate outliers in one of the five dependent variables.
Gender
No significant difference was identified between the male participants (n = 83) and the female participants (n = 175) on the combined dependent variables, F (5, 252) = 1.806, p = .112; Wilk's Lambda = .965; partial eta squared = .035.
Age
The four following groups were compared: (a) a group of 16, 17, and 18 years old combined together (n = 82); (b) a group of 19 years old (n = 66); (c) a group of 20 years old (n = 52); and (d) a group of 21, 22, 23, and 24 years old combined together (n = 59). A significant difference was identified among the four groups of students with a different age on the combined dependent variables, F (15, 693) = 2.585, p = .001; Wilk's Lambda = .861; partial eta squared = .049. When the results for the dependent variables were considered separately, a significant difference was identified only in terms of Factor 5 (Approach to Learning Biology), F (3, 255) = 8.270, p < .0005; partial eta squared = .089, using a Bonferroni adjusted alpha level of .01. A one-way between-participants ANOVA with posthoc comparison using Tukey HSD test disclosed that in terms of Factor 5, the mean score of the age group of 19 years old (M = 3.424, SD = .443) was significantly different from that of all the other three age groups: the age group of 16, 17, 18 years old (p = .007, M = 3.168, SD = .448), 20 years old (p < .0005, M = 3.048, SD = .457), and 21 to 24 years old (p < .0005, M = 3.059, SD = .573), using a Bonferronni adjusted alpha level of .0083.
Subject major
Six following groups were compared: (a) entertainment media production and communication design (n = 9); (b) social science (n = 15); (c) business administration (n = 113); (d) tourism and hospitality management (n = 31); (e) science and computer engineering, not including biological science (n = 45); and (f) biological science (n = 46). A significant difference was identified among the six groups of students majoring in different subject areas on the combined dependent variables, F (25, 926) = 2.493, p < .0005; Wilk's Lambda = .785; partial eta squared = .047. When the results for the dependent variables were considered separately, a significant difference was identified only in terms of Factor 1 (Enjoyableness of Learning Biology), F (5, 253) = 7.965, p < .0005; partial eta squared = .136, using a Bonferroni adjusted alpha level of .01. A one-way between-participants ANOVA with post-hoc comparison using the Tukey HSD test disclosed that in terms of Factor 1, the mean score of the students majoring in biological science (M = 3.743, SD = .423) was significantly different from that of the business administration majors (p < .0005, M = 3.244, SD = .503), using a Bonferroni adjusted alpha level of .0033.
High school type
No significant difference was identified among the four groups of students educated in different secondary systems on the combined dependent variables, F (15, 677) = 1.016, p = .436; Wilk's Lambda = .940; partial eta squared = .020. The four groups of students compared in this one-way between-participants MANOVA were educated in one of the four different secondary educational systems: (a) in a regular local Thai school (n = 80); (b) in a local bilingual school or a bilingual program in a local Thai school (n = 34); (c) in an international school in Thailand (n = 76); and (d) in a school abroad outside Thailand (n = 63).
Interest in biology
Due to the small number of the students having a very low interest (i.e., at the lowest level) and a very high interest (i.e., at the highest level) in biology, we formed two new groups. The first new group was formed by merging students with very low and low interest in biology. Another group was formed by merging students with very high and high interest in biology. Thus, the three following groups were compared: (a) low interest in biology (n = 61); (b) moderate interest in biology (n = 88); and (c) high interest in biology (n = 108). A significant difference was identified among the three groups of students with different levels of interest in biology on the combined dependent variables, F (10, 500) = 16.808, p < .0005; Wilk's Lambda = .560; partial eta squared = .252. When the results for the dependent variables were considered separately, a significant difference was identified in all the factors except one factor: A one-way between-participants ANOVA with post-hoc comparison using the Tukey HSD test disclosed that in terms of Factor 1, the mean score of the students with low interest in biology (M = 2.908, SD = .410) was significantly smaller than that of the students with moderate interest in biology (p < .0005, M = 3.329, SD = .360) as well as than that of the students with high interest in biology (p < .0005, M = 3.712, SD = .455), using a Bonferroni adjusted alpha level of 0.16. In addition, the mean score of the students with moderate interest in biology (M = 3.329, SD = .360) was also significantly smaller than that of the students with high interest in biology (p < .0005, M = 3.712, SD = .455). In terms of Factor 2, the mean score of the participants with low interest in biology (M = 3.087, SD = .406) was significantly larger than that of the participants with high interest in biology (p < .0005, M = 2.763, SD = .455). In terms of Factor 3, the students with high interest in biology (M = 3.873, SD = .383) had a significantly larger mean score than those with low interest in biology (p < .0005, M = 3.510, SD = .432) as well as than those with moderate interest in biology (p < .0005, M = 3.636, SD = .413). In terms of Factor 4, we observed a similar tendency as identified in Factor 3. The mean score of the students with high interest in biology (M = 2.712, SD = .453) was significantly smaller from that of the students with low (p < .0005, M = 3.128, SD = .458) and moderate (p = .001, M = 2.964, SD = .452) interest in biology.
Liking of biology
Two new groups were created by combining the students who do not like biology at all (at the liking level 1) together with those who do not like biology (level 2), and by combining the students who like biology very much (level 5) together with those who like biology (level 4). Therefore, we compared the three following groups: A one-way between-participants ANOVA with post-hoc comparison using the Tukey HSD test revealed that in terms of Factor 1 the mean score of the students with a low liking level of biology (M = 2.827, SD = .403) was significantly smaller than that of the students with a moderate liking level of biology (p < .0005, M = 3.260, SD = .378) and also from that of the students with a high liking level of biology (p < .0005, M = 3.733, SD = .424), using a Bonferroni adjusted alpha level of 0.16. In addition, the mean score of the participants at a moderate liking level (M = 3.260, SD = .378) was also significantly smaller than that of the participants at a high liking level (p < .0005, M = 3.733, SD = .424). In terms of Factor 2, the mean score of the students with a high-level liking of biology (M = 2.735, SD = .464) was significantly smaller than that of the students with a low-level liking (p < .0005, M = 3.114, SD = .428) and that of the students with a moderate-level liking (p = .001, M = 2.951, SD = .377). In terms of Factor 3, the mean score of the students with a high-level liking of biology (M = 3.878, SD = .443) was significantly larger than that of the students with a low-level liking (p < .0005, M = 3.477, SD = .470) and that of the students with a moderate-level liking (p < .0005, M = 3.614, SD = .318). In terms of Factor 4, the students with a high-level liking of biology (M = 2.689, SD = .433) had a mean score significantly smaller than the students with a low-level liking (p < .0005, M = 3.149, SD = .513) and those with a moderate-level liking (p < .0005, M = 3.023, SD = .429).
This study identified a five-factor dimensional structure for Thai undergraduate students' beliefs about biology and learning biology, yet the structure was complicated. The belief strength was significantly different among the groups of students with different age, subject major, level of interest in biology, and level of liking of biology at those five identified factorial levels.
The first findings about the factorial structure suggest that the beliefs about biology and learning biology can be described in a dimensional structure, yet not in a clear-cut manner. This kind of factorial structure has also been identified for many other epistemic beliefs both at discipline-general and discipline-specific levels (e.g., Schommer, 1998; Schommer-Aikins, 2004; Schommer, Crouse, & Rhodes, 1992; Schraw, Dunkle, & Bendixen, 1995) . As observed in the authors' past studies (Fujiwara & Phillips, 2006; Fujiwara & Phillips, 2007) , the items intending to measure different aspects of the beliefs were empirically grouped together in this current study. Nevertheless, the results appear to exhibit the fundamental characteristics of the structure of the individuals' epistemic beliefs regarding knowledge and knowledge acquisition.
The second findings suggest that individuals' past learning experiences have an influence on forming and developing their epistemic beliefs about biology. It is very likely that students' past learning experiences are different if they were at different age, intend to major in a different subject area, and if their levels of interest in biology and liking of biology was different. Yet, the results were somewhat different from what was expected based on the results of authors' previous studies. This current research unveiled that it was only the four demographic variables, that is, the students' age, subject major, level of interest in biology, and level of liking of biology that could create the differences in the individuals' beliefs about biology and learning biology. It appeared thus that different types of secondary school made almost no impact on the individuals' beliefs, because the students graduated from the four different types of high school shared similar beliefs. Considering the potential differences among the types of schools examined in this study, which certainly lead to different learning experiences, this interpretation is counterintuitive. Instead, this result might possibly exhibit that the differences among the schools are very limited and in fact they share many or most things in common. This might be particularly true for biology learning. Yet, it is not possible for us to tell which interpretation is correct, because the differences or similarities among the different types of high schools were not empirically measured in this study.
Out of the four demographic characteristics, the level of interest in biology and the level of liking of biology seemed to be more powerful than the age and subject major. In terms of all the five identified factors except one, the significant difference was identified among the groups of students with different levels of interest and liking. On the other hand, it was only in terms of one factor (i.e., Factor 5) that the 19-year-old students were significantly different from other younger and older students. In a similar manner, it was only in terms of one factor (i.e., Factor 1) that biology majors' mean score was significantly different from that of the other two majors: business administration, and tourism and hospitality management. The results about the interest and liking are not surprising at all, and in fact it confirms our intuitive views about those independent variables. The levels of interest and of liking toward the discipline appear to have the largest power among the examined variables in developing individuals' beliefs. The higher level of interest in biology and the higher level of liking of biology contribute to develop the individuals' beliefs about biology. It is plausible to imagine that the students' past learning experiences are related to these different levels of interest and liking, but it is impossible to identify the cause-and-effect relationship between the two variables.
It is worth to note that those two independent variables had the same pattern of the relationships with the identified belief dimensions. The students with a high level of interest and a high level of liking scored significantly higher than those with a low level of interest and a low level of liking in Factor 1 and Factor 3. The pattern was opposite in Factor 2 and Factor 4. The participants who were not interested in biology and who did not like the discipline had a significantly larger mean score than those who were interested in biology and those who liked the subject. This result suggests that those two variables, that is, the interest and liking levels, help the students to develop their beliefs in a same direction cooperatively. With an exception of the two items with a negative loading (i.e., item 37 in Factor 3, and item 31 in Factor 4), a larger mean score always indicates that the participants exhibited a stronger agreement to the statement in the item. Thus, the students who liked biology and were interested in biology tended to agree with the statements significantly more than those who did not like biology and were not interested in biology as far as the items in Factors 1 and 3 were concerned, except for item 37. In Factors 2 and 4, the participants who liked biology and were interested in biology had a tendency to disagree with the statements significantly more than those who did not like biology and were not interested in biology, except for item 31.
Judging from the statements of the 11 items grouped in Factor 1 (Enjoyableness of Learning Biology) an agreement generally exhibits that the participants enjoy the learning biology and have positive attitudes towards biology and learning biology. In Factor 3 (Method of Learning Biology) the statements in the majority of the seven items principally concern the "preferable" ways of learning biology and the nature of the biological knowledge in relation to everyday-life experiences. Thus, an agreement to the statements in Factor 3 indicates the participants' preference to certain "favorable" ways of learning and their endorsement of "correct" views about the nature of biological knowledge. Item 37 with a negative factor loading further endorses this interpretation. The statement in item 37 describes an "unfavorable" idea of learning biology. Thus, a disagreement to this statement exhibits the respondents' rejection of the unfavorable view of learning. In Factor 2 (Memorization of Knowledge) the statements in the 10 items mostly describe the nature of biological knowledge, and the ways of learning in relation to this nature of knowledge. The views presented in the statements are generally not supported by biology teachers and experts. Thus, an agreement to the statements in Factors 2 means that the participants have not yet "developed" their beliefs and they still have "naïve" beliefs about biology, unlike the experts in the field. It also exhibits rather negative attitude toward biology and learning biology. In the five items grouped under Factor 4 (Difficulty of Learning Biology) the statements of the items mainly describe the difficulty of learning biology in relation to the nature of biological knowledge. Thus, an agreement of the statements in Factor 4 mainly manifests the participants' difficulty to learn biology. Item 31 with a negative factor loading was quite different from the other items. In item 31, the statement describes every ones' capability of understanding biology. A disagreement to this item 31 thus shows the participants' doubt about this ability.
The finding regarding the age was somewhat strange. The mean score of the 19-year-old group was the highest among the four age groups in Factor 5 (Approach to Learning Biology), and significantly different from all the other (both younger and older) three age groups. In the five items grouted in Factor 5, various types of practical approaches to learning biology were presented, but both productive and counterproductive approaches were included. Considering that all the items had positive factor loading, a larger mean score does not necessarily exhibit a certain position or view as a whole. It is plausible that the individuals develop their beliefs and views about biology as they become older through various kinds of experiences, but this result implies that this development might not be linear and it could possibly be recurring. The finding about the major was also different from what was expected. It was only in terms of Factor 1 (Enjoyableness of Learning Biology) out of the five identified factors that biology majors' mean score was significantly different from that of the other two majors. It suggests that only certain aspects of the biology majors' epistemic beliefs about biology are different from other majors, while many other aspects are shared by all majors. One possible interpretation is that many of the biology majors had not yet fully developed the biology-related epistemic beliefs at the time of the survey administration. This might be due to the limited time already spent at the university. The participants had already spent a varying period of study at the university at the time of the survey administration. Yet, this aspect was not measured in this study.
This current study empirically uncovered the structure of the epistemic beliefs about biology and learning biology held by the Thai university students as well as the beliefs' variations among the students with different characteristics. Yet, it is necessary to acknowledge some limitations in this study. The first limitation is about the participants. The majority (59.8%) of the participants of this study was taking one of the biology classes at the time of this survey administration, yet the remaining students (40.2%) were not taking any biology class. We do not know whether these students previously learned biology for a certain period of time either at the high school or at the university. Their past experience of learning biology was not empirically measured in this study. Their biologyrelated experience might not be sufficient to develop the beliefs about the subject and learning the subject. Another issue about the participants, as they were already discussed in the previous sections, concerns their previous learning experiences at their secondary school. This aspect of the participants was not directly measured. They were measured through other variables relating to the experience. Judging from the cultural differences, it is very likely that the students' day-to-day learning and non-learning experiences are different in different types of schools examined in this study, yet it must be measured to empirically identify the differences or similarities. Without measurement, we do not know whether the participants had different school-related experiences in different types of secondary schools. Another limitation originates from the research design. Because of the technical constraints, the students' beliefs were measured only once at the beginning of the 11-week trimester. This one-time only measurement does not directly indicate developmental aspect of the beliefs. Longitudinal studies with repeated measurements of the same participants will certainly clarify the relationships between the epistemic beliefs and individuals' past experiences. In spite of the limitations, this study empirically identified some essential nature of the epistemic beliefs about biology. In particular, confirming our intuitive views, the levels of interest and of liking toward the discipline appear to have the largest power in developing individuals' beliefs.
